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Summary 

Magnetic field computations have been 
performed for a four-inch coil aperture 45 kG 
dipole magnet that may be utilized in a high- 
field option of P0PAE.l A cold iron version 
utilizing flat pancake coils has been explored 
to determine the magnetostatic effectiveness 
of a simple coil geometry. Suitable locations 
have been found for rectangular blocks of 
conductors each consisting of 280 turns of 
. 040 in py . 040 in conductor. 

Design 

Since the POPAE storage device is oper- 
dted with direct current, the wire chosen for 
the coil winding may be reasonably small. A 
convenient choice is .040 in by .040 in car- 
rying about 200 A which gives a comfortable 
current density of about 125 kA/in*. The 
field accuracy requirement for a storage ring 
is tighter than that required in an accelera- 
tor. Hence, it was felt that accurately posi- 
tioned blocks of current might be preferable 
to a monolithic random wound coil. A flat 
pancake was chosen for the individual block 
as being the simplest coil to wind. Before 
potting to the final shape the ends are turned 
around elliptically and bent up at an incline. 
This gives a coil package consisting of flat 
pancake blocks -420 in by 1.177 in each bent 
up along inclined planes at the ends such that 
they nest onto a cylindrical bore tube, the 
length of each block being chosen to minimize 
the longitudinally integrated multipole con- 
tribution. 

The field in the transverse section has 
been calculated using a complex variable 
method.* A search mode is employed which mini- 
mizes the energy content within the reference 
radius of a preselected number of multipoles 
higher than the dipole. The parameter varied 
is the horizontal location of,the inside edge 
of each flat pancake coil. Since the ends 
occupy only a small part of the magnet length 
relatively few trials with varying positions 
for the turn around centers suffice to mini- 
mize the higher multipole coefficients of the 
longitudinally integrated fields. 

Tables l-3 are self-explanatory. Table 4 
refers to the longitudinally integrated fields 
in which inclined elliptical turn around ends 
are used, the turn centers being separated by 
the length indicated. The entries T(N), S(N), 
and R(N) refer to coefficients in a multipole 
expansion of the longitudinally integrated 
magnetic field. Successive terms give AB at 
the reference radius for the dipole, sextupole, 
decapole, etc. The contribution due to the 
currents with no shield is T(N), the contri- 
bution from the iron shield is S(N), and 

*Operated by the Universities Research Asso- 
ciation, Inc., under contract with the U.S. 
Energy Research and Development Administration. 
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R(N) is the ratio T(N)+S(N) divided by T(l)+ 
S(l) - Table 5 is similar calculation in 
which the contribution from the ends is omit- 
ted and the length set equal to one inch. 
The median plane field in the transverse sec- 
tion is given by BT. Columns BA, BS,' and BN 
give respectively the contribution in the 
absence of tke shield and the total field 
normalized to unity at the center. The entry 
DELR(N) is an estimate3 of the magnitude of 
the. change in R(N) induced by saturation 
effects in the iron shield. Finally the net 
flux entering the iron is given from which 
one sees that if average fields less than 
18 kG are desired in the iron the magnet 
diameter is about 22 inches. 
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Table 1. Performance Parameters 

Field Strength 45 kG 
Effective Field Length 237 in 
Good Field Width 3.0 in 
Field Quality(AB/B at lin Rad.) 5.01% 

Table 2. Design Data 

Conductor Current (45 kG) 
Cond. Size(n0 insulation) . 
Effective Current Density 
Total Number of Turns 
Insulation Thickness 
Iron Shield Inner Radius 
Outside Dimension of Iron 
Total Length of Iron 

212 A 
040 in by -040 in 

132.5 kA/in* 
3360 
-001 in 

4.25 in 
22 in by 14 in 

252 in 

Table 3. Critical Fields, Stored 
Energy, and Forces 

Maximum Field in Conductor 48 kG 
Stored Energy 1 MJ 
Inductance 47 rfy 
Effective Rad. of Cond. Blocks 2.875 in 

Traction at Effective Radius 
Angle x-traction y-traction 
(Deg) (lb/in*) (lb/in*) 

0 1005 0 
40 1465 -023 
50 1475 -695 
90 0 0 

Displacement Force 
(x-displ. = .OlO in) 29 lb/in 
(y-displ. = -010 in) 29 lb/in 
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Table 5. PUPAE DIPOLE HIlH PINCAKE COILS AND :ISCULAR WIELO 

OROEP OF POLE = CALCULATIONAL HOOE = 
HIGHEST HJLTIPOLE ORDER = 1: CONUUCTOR CURRENT(A) = 212.; 
CONDUCIOR *EIGHT IINI = .0400 INSULATION THICKNESStIN) = .OOAG 
INNER IROY R40ILtStIN) = 4.2500 SIHPSONS W&E X-IHCREti.tINl= .UDdO 
MORIZ. PLor INCREli.(INl = .iGrtLl 

NUMBER OF BLOCKS ; 6 
COYD’JClOR HIOlHfINl i .0400 
REFERENCE RAOIUStINi = 1.0050 
SINPSONS RULE I-INCREH.lIN!= .ouao 

BLOCK TURHS LAIRS/ELK CURDEN SPPCER XOBLK YOBLK ALPHBLK LENGTH 
tKA/IN/IN) (IN) (IN) (IN) RAOI (IN) 

1 2.3.00 10.00 132.500 .OOOO 2.1725 .oooa 
2 28.00 10.00 132.500 .OGOO 2.0937 .SOGO 
3 28.00 10.00 132.5GO .6000 I. 8612 1.0003 
:: 28.00 28.GO IO.i?O 10.00 132.500 132.50b .oooo .oooo 1.7628 1.2625 2.0000 1.5800 

Es 28.00 10.00 132.500 .ODOO .6422 2.5090 

.2500 252.0000 

.2500 248.3900 

.L500 244.00011 

.2500 24J.FuJJ 

.2500 236.13050 

.2500 232.0006 

WLlIPOLE COEFFICIENTS 

9.347E*uO -7.235E-01 -1.469E-01 5.104E-02 
-7.045EbOtl 4.513E-02 4.02BE-03 -4.669E-05 

2.156E-04 -6.354E-95 -1.339E-05 4.777E-06 
. 

BlIKG-IN) BAtKG-INI BSMG-IN) 

10675.75819 7424.92197 3250.83622 

T(N) = 7.425Et03 
SfN) = 3.251E+O3 
R(N) = l.000E~ac 

XtINt 

.oooao 

. loot0 

.20000 

.3OOOG 

4.465E-JL 6.3G9E-G3 1.537E-04 -9*739E-05 -4.99dE-07 
5.797E-06 z.awE-09 -3.3%x-09 4.554E-il -i.327E-12 
4.lBEE-06 5.909i-0 7 1.439E-08 -9.094E-09 -4.674E-11 

BN 

1.00000 
15675.78114 7425.01537 3250.76577 
10675.84917 7425.29467 325ii.55450 
10675.95976 7425.75725 3250.20256 
10636.10856 7426.33833 3249.71323 
10676.28925 7427.21134 3249.d7792 
15676.49339 742a.18724 3248.30615 
lG676.71067 7429.31506 3247.33560 
10676.92980 7430.58268 3246.34712 
10677.14094 7431.37923 3245.16172 

1.00030 
1.aooiii 
l.cooo% 

.4G5GG 

.5OGGO 
1 UUUJJ . 
1.00005 
l.EOQO7 
1. too09 
1.00011 
I.OOJl.3 
l.JOG15 
1.00017 

.6OPG 0 

.7ouiio 

.60000 

.90300 
1.00c00 
1.1oooa 
1.2OQOll 

10677.34072 7433.50012 3243.54GbD 
10677.54206 7435.15685 3242.39922 
10677.79157 7436.99432 3240 -73725 
10678.19904 743Y.lZJ39 3239.07866 
10678.9d526 7441.75354 3237.25172 
10660.55596 7445.23690 3235.25906 
10683.61235 7450.44867 3233.16368 
ib689.3G930 7458.36023 323G.949Ul 

I.OJOl9 
1.60323 
1. OilOJJ 

1.30000 
f.400 00 
1.5OOOG 
1.60060 
1.70000 
1.80000 
1.90000 
2.GOOGJ 
2.LOOOG 

l.OGO45 
1. coo74 
l.tO127 
1. 00 222 
1.00385 

lG699.47228 7470.85332 3228.61897 
10716.87996 7490.70197 3226.17799 
10745.60861 7521.97749 3223.63112 1.0065u 
10791.41315 757u .42909 3220.984il5 I.oioa3 

Table 6. POPAE DIPOLE WITH PANCAKE COILS AND 3IICULAR SHIELD 

ORDER OF P3LE = 1 CALCULATIONAL tfOOE = 0 NU'IBEi? OF BLOCKS I 6 
HIGHEST HJLTIPDLE ORJER = 19 CONDUCTOR CURRENT(A) i: 212.0 CONDUCTOR WIDTHIINI = _ illail!, 
CONOUCTOZ HEIGHTtIN = .DCOO INSULATION TttICKNESS(INI .OUAO &F~R~NcE RiiKUStINt = i.oaix 
INNER 'IRO?I R4OIUSLINl = 4.2500 SIt4PSONS RULE X-INCREH. (IN,: .01180 SIttPSONS RULE I-INCREri.fINI= .OGSS 
noRI2. nor INC~~EN.LINB = .lUOO 

BLOCK TURNS LAI+!S/BLK CUROEN SPACER XOBLK YOBLK ALPHBLK LENGTH 
IKA/IN/INh (INI (IN) (IN) (??A08 (IN) 

2a.00 
28.00 
28.00 

lJ.OJ 132.5JD .ODllO 2.1725 .oooo 
10.00 132.500 .OJOO 2.0937 .5000 
10.00 132.500 .oaoo I.8812 1.0000 

.2500 1.0000 

.2550 l.OUilU 

.25OJ l.OdOO 

.2500 1.0000 

.2TGJ 1.00u0 

.25GO 1.6300 

1.405E-07 -4.85aE-07 3.86lE-09 
-1.516E-11 2.113E-13 -4.295E-15 

28.00 10.00 132.500 .ouoo 1.7023 1.5000 
LB.00 lO.JO 132.500 .OGOO 1.2625 2.ooLio 
28.00 10.00 132.500 .ooao .6422 2.5005 

WJLTIPOLE COEFFICIENTS 

3.136E+Ol 3.168E-02 -2.082E-or -J.b22E-05 1.215E-04 
1.375EtOl -3.165E-02 2.034E-04 l.BllE-05 -2.a74E-07 
l.oaoE+ao 5.445E-07 -l.O59E-07 -4.OI3E-07 2.687E-06 

1.549E-a3 5.145E-05 2.034E-06 8.76OE-a8 8.392E-32 

X(IN1 61 (KG- INI EAWG-INI BS(KG-IN) 

TtNB = 
SCNI = 
RCNB = 
DELRINI- 

i.a39e-d* 2.5BZE-85 
2.637i-i8 9.059E-Al 
4.077E-36 5.725E-3 7 
3.96aE-59 1.0595-1G 

3.115E-a9 -i.o77E-ta 8.553i-I1 
(1.919E-12 4.357E-13 L.lSdE-14 

.OOUOU 

.1oaoo 

.20000 

.30500 

.40000 

.50!300 

.6GOOO 

.70005 

.8OOOG 

BN 

31.35924 t3.74876 1. GOOJJ 
31.35955 13.74844 1. GOUOU 

45.10800 
45.loaGo 
45.lG8OG 
45.10500 
45.10500 
45.16800 
45.10801 
45.lGBO2 
45.IGao5 
45.ioaId 
45.10833 
45. Io8aI 
45.10985 
45.112a 4 
45.11630 
45.124bl 
45.13965 
45.16610 
45.21109 
45.25519 
45.43347 
45.53653 

31.36055 
31.36209 

13.74750 
13.74591 

1.00500 
1. oouoo 
1.0003u 
l.OOJ35 
l.OOOJU 

31.36430 13.74370 
31.36714 13.74086 
31.37062 13.73739 
31.37472 13.73330 
31.37946 13.72859 
31.38486 13.72327 
31.39103 13.71733 
31.39801 13.71079 
31.49619 13.70366 
32.41illO 13.69594 
31.42874 13.68764 
31.44584 13.67878 
31.~7029 13.66936 
31.50669 13.65941 
31.56215 13.64S94 
31.64721 13.63797 
31.77695 lJ.b265A 
31.97199 13.61463 

1.G0000 
1.00000 

.95000 
f.ooaoo 
i.ioaoo 
:.LGJOo 
1.3orJno 

1.caoou 
I.GOOOA 
1.00002 
1.ooon4 
1.0000') 
l.GLO19 
1.00037 
l.OOJ70 

1.40000 
1.50005 
1.60500 
1.70000 
1.80000 
k.90000 
2.00000 
2.10000 

1.00129 
I. 00223 
1. on 3113 
1.00655 
1.01061 

MAX. FIELD ON IRONiKCI = 25.4271 IRON PERflCABILITY AT BtiAXFE= 3.46L2 FLUX IN IRONtKG-IN), = $15.4958 
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